(From the Physiological Laboratory of Prof. Y. Satake, Tohoku Imperial University, Sendai.)
In the previous paper1) we have shown that atropine is capable of causing invariably a small acceleration in the epinephrine output rate in dogs, seldom preceded by a temporary depression. The present paper dealts with the epinephrine discharge rate in the dog, when it is poisoned with morphine or insulin in addition to atropine. Both drugs act to accelerate the epinephrine discharge in a marked way2)3) through the central mechanism.4)
There are some papers dealing with similar question re atropine.
Most of them dealt with the effect of stimulating the peripheral cut end of the splanchnic nerve.
Biedl5) collected the blood comming from the suprarenal veins into a pouch prepared with the inferior cava vein in curarized dogs. Stimulating the splanchnic nerve the pressoric power of the blood seldom increased. When atropine was given and the splanchnic stimulated, the active substance was also found, but Biedl was not able to speak of whether the amount was the same or not.
By giving atropine intravenously in doses of 0.003-0.01grm. per kilo, Schwarzs6) was able to nullify the pressoric effect of stimulating the supra renal gland in the dog under chloroform.
Within two hours the effect of atropine died away.
1) Sato, Hatano
and Muto, Tohoku J. of Exp. Med., 1938, 34, 289. 2) Sato and Ohmi, Ibid., 1933, 21, 411. 3) Yen, Aomura and Inaba, Ibid., 542. 4) Sato, Kanowoka and Ohmi, Ibid., 1933, 22,7; Saizyo, Ibid., 1936, 30, 33 . 5) Biedi, Pflugers Arch., 1897, 67, 480 f. 6) Schwarz, Arch. f. exp. Path. u. Pharm., 1899, 43, 12-14. On giving atropine in doses of 5, 10 or 15mgrms., Tscheboksaroff7) observed no inhibition of epinephrine secretion due to the splanchnic stimu lation from a suprarenal gland in the dog under curara and some morphine, peptone being also given as an anticoagulant.
Probably it is done only with difficulties to assume an accelerating influence of atropine from the figures given there.
Feldberg with his co-workers were not able to see on giving a small dose of atropine a very convincing reduction of the pressor effect, causable in an eviscerated spinal cat by splanchnic stimulation. Even after almost com pletely abolishing the effect of stimulation by large doses of nicotine, an in travenous injection of atropine is capable of only slightly but definitely re ducing the remaining effect.8)
Lewis and Luduena9) saw abolishing of epinephrine discharge due to splanchnic stimulation by 5mgrms. atropine sulphate in the suprareno jugular-anastomosis experiments on dogs under chloralose. This inhibitory effect lasts 15-20 minutes, and 2-3mgrms. per kilo can only reduce the effect of splanchnic stimulation.
They tried to explain this outcome without ap plying the view that the parasympathetic nerve controls the epinephrine dis charge.
It may be added here, that atropine does not act to lessen the reduction of the epinephrine content in the suprarenal gland due to the splanchnic stimulation.10)
In the suprareno-jugular-anastomosis experiments above cited, Lewis and Luduena observed no modification by atropine of the epinephrine discharge by nicotine, candicine chloride and tetramethyl ammonia, contrary to the case of splanchnic stimulation.
Katz and Katz, who experimented on cats eviscerated, and with restricted circulation, epinephrine output being estimated by the arterial blood pressure and nictitating membrane, saw a diminishing influence of atropine (2mgrms. i.v.) upon epinephrine discharge caused by K and Ca, which lasts about 5 minutes.11)
In respect to the epinephrine content in the suprarenal gland Taka hashi noted no influence of atropine (0.028-0.1mgrm. per kilo) upon its reduction due to bleeding in rabbits12) Though this was not seconded by Y. Wada,13) a recent investigator10) succeeded in duplicating the finding of Takahashi. Two hours after the left lumbar operation the epinephrine output rate was 0.00001mgrm. per minute per kilo (the blood flow through the gland 0.2c.c. per minute, per kilo, 0.00005mgrm. epinephrine per c.c.). The blood sugar 0.109%. The heart rate 120 per minute, respiration 21 per minute, and the body temperature 38.3°C.
Atropine sulphate was then injected into the right saphena vein in a dose of 5mgrms. per kilo body weight, as in the foregoing experi ment, 5 minutes later the blood sugar was found having increased to 0.133%, and ten minutes after atropine injection the epinephrine out put rate was found as 0.0001mgrm. per minute per kilo. While the blood flow through the gland largely reduced, the blood contained much epinephrine (0.04c.c. and 0.0024mgrm.). About ten times acceleration was thus noted on atropine in respect to the epinephrine output rate.
About a half hour after atropine injection, morphine hydrochloride was injected into the saphena vein in a dose of 4mgrms. per kilo. At this time, the atropine poisoning symptoms, viz. dilated pupils, in creased heart rate, etc., were existing, of course.
10, 25, 60, 85 and 130 minutes after the morphine injection the output rate of epinephrine was measured as 0.00028, 0.00015, 0.00009, 0.0001 and 0.000016mgrm. per minute per kilo.
The blood flow was 0.06, 0.1, 0.1, 0.16 and 0.08c.c. per minute per kilo. The rate at 85 and 130 minutes was measured somewhat smaller and possibly inexact, because the blood was very ready to clot. The epinephrine concen tration in these samples was 0.005, 0.0015, 0.0009, 0.0006 and 0.0002mgrm. per c.c. To show the I specimen, we used the numeral "I".
In all tra cings, time in tervals are 30 seconds. Weaker than XII (0.0003mgrm.), about the same with 0.0001mgrm. and a little weaker than 0.00015mgrm. The output rate of epinephrine occurring 10 minutes after mor phine was 0.00028mgrm. per minute per kilo and the highest in this experiment.
In a previous experiment (on Dog 5, of Sato and Ohmi, 2) p. 430), the same dose of morphine caused an accelerated secretion of epinephrine such as 0.00022mgrm. per minute per kilo, the basal rate being about 0.00002mgrm. The hyperepinephrinaemia , lasted there about two hours; on double dosage the acceleration was also much larger, and on a half dosage much smaller, 0.00058mgrm. against 0.00003mgrm. of the basal rate, and 0.00007mgrm. against 0.00001 m grm. respectively. In these experiments with morphine alone, the blood flow through the gland did not alter much, or occasionally it tended to increase though not largely. In the present case, the blood flow was largely effected by atropine, so that it is difficult to analyze how morphine had influence thereupon. The blood sugar was not further increased on morphine adminis tration, but the hyperglycaemic period existed so long as the epineph rine secretion was accelerating.
The heart rate further increased, the respiration, and the body tempera ture too. Dog 2. Male, 17.6kilos. One and half hours after preparing for collecting the suprarenal vein blood, the output rate of epinephrine was 0.000014mgrm. per minute per kilo. Atropine was then intravenously injected in the dose of 5mgrms. per kilo, the animal excited, the heart beat strong, the res piration became deep the pupils dilated and the conjunctiva and skin hyperaemic. Some minutes later morphine was injected, this time sub cutaneously in the dose of 10mgrms. per kilo, as in Dog 1 in the experi ment of Sato and Ohmi.2) This time the blood flow through the gland underwent no altera tion; such course was also seen in a case in the previous experiments with atropine alone,1) and in almost all cases with morphine alone.2) The epinephrine output rate was estimated as 0.00004mgrm. per minute per kilo about 5 minutes after morphine, 0.00017mgrm. 35 minutes, 0.00007mgrm. 65 minutes, 0.00006rngrm. 95 minutes, 0.00007mgrm. 125 minutes, and 0.00002mgrm. 155 minutes. The highest velocity was seen about a half hour after morphine and as 0.00017mgrm. per minute per kilo.
The blood sugar concentration increased, its acme 0.133% being noted one hour after morphine, and the hyperglycaemic period covered two and half hours at least. The tachycardia did not show signs of dying out at the end of observation, that is two and half hours after atropine and morphine; the body temperature tended to decrease a little. The basal output rate of this dog was 0.00002mgrm. per minute per kilo, and the blood sugar content 0.097%. 5mgrms. per kilo was the atropine dose. The animal excited a little, the pupils dilated, the conjunctiva and skin hyperaemic. 10 minutes after atropine the out put rate was estimated as increased to 0.00006mgrm. per minute per kilo, and the blood sugar to 0.107%; the blood flow through the gland remained unaltered.
A few minutes later insulin-Toronto was intravenously injected in the dose of 7 units per kilo, the animal looked weak and excited a little. The epinephrine output rate was found 10 minutes after insulin to have increased to 0.0005mgrm. per minute per kilo, the flow rate of blood being measured a little increased; that is the increase was due to an enormous increase of the concentration of epinephrine. The blood sugar was going down.
15 minutes later the output rate was estimated as 0.00012mgrm. per minute per kilo, thirty minutes further later 0.00026mgrm., thirty minutes and one hour still later 0.00014-0.00013mgrm. The accelera tion is due to the increase of the concentration of epinephrine. The hypoglycaemia was occurring simultaneously.
The pulse rate was somewhat accelerating and the body temperature underwent a small reduction.
The magnitude of acceleration in the epinephrine output rate roughly corresponds to that by Yen, Aomura and Inaba3) on giving only insulin, or it is clearly larger than that obtained with the same dose of hormone, viz. 7 units per kilo. If the largest rate of 0.0005 mgrm. per minute per kilo in the present case be taken out from con sideration, the figures in both experiments coincide rather well.
And the greatest magnitude of acceleration of the discharge in the present case, 0.0005mgrm. per minute per kilo and the next one 0.00026mgrm. exceed largely that obtained in the former experi ments,1) where atropine only was given. It is out of the question on the one hand, that the acceleration in this case can be taken as not to be elicitable by atropine alone, and on the other hand it was at least non-inferior to those producible by similar doses of insulin.
SUMMARY.
In the dogs, which were prepared for obtaining the suprarenal vein blood without fastening, narcotizing, laparotomizing or evoking pain, atropine was intravenously administered, which was followed by morphine or insulin.
Epinephrine was estimated by means of the rabbit intestine segment.
The epinephrine output rate was accelerated, and the magnitude of acceleration nearly corresponds to that producible by those doses of morphine or insulin alone.
Or at least the acceleration was not so large as to account for it as the sum of that elicitable by atropine and morphine or insulin, though it seemed somewhat likely with the latter.
At least we failed to gather any evidence of atropine inhibiting the acceleration in the epinephrine output rate due to morphine or insulin.
This finding also stands against the view that only the para sympathetic nerve fibres control secretion of epinephrine from the suprarenal gland, and atropine paralyzes its termination, while the accelerating action of morphine and insulin upon the epinephrine dis charge is annulled by splanchnicotomy.
